Emergency endoscopic intestinal stenting has been applied with increasing frequency in colorectal cancer patients with acute intestinal obstruction. However, its clinical effectiveness as compared to emergency surgery remains controversial.
Background
Acute intestinal obstruction can result from conditions such as malignancy, adhesions, strangulated hernia, volvulus, inflammatory bowel disease, and phytobezoars, and cases arising from colorectal cancer occur in a considerable proportion of patients, accounting for clinical manifestations in 7-29% of cases [1] [2] [3] . In fact, intestinal obstruction due to colorectal cancer is a clinical emergency, which can quickly lead to progression of the disease. If left untreated, the mortality rate can reach as high as 30% [4] [5] [6] . Therefore, the key to alleviating the crisis is to quickly and effectively eliminate the intestinal obstruction.
The traditional treatment methods include one-stage resection plus fistula for obstructive patients, and permanent fistula palliative treatment for patients with unresectable tumors. With the development of endoscopy and minimally invasive technology, one-stage radical resection or conservative treatment after intestinal stent implantation has been increasingly used in the treatment of colorectal cancer patients presenting with acute intestinal obstruction. As a prelude to one-stage surgical resection or conservative treatment, placement of a selfexpanding metal stent (SEMS) can effectively relieve obstruction in the case of acute obstruction [7] and can change the emergency operation to a limited operation to reduce the rate of fistula. Because of the improvement in body condition and increase in the intestinal anastomosis rate, it can reduce the mortality rate and the incidence of overall complications [8] . However, its clinical effectiveness as compared to emergency surgery remains debatable.
In this retrospective study, we assessed the clinical effectiveness of endoscopic colon stenting in the treatment of patients with acute intestinal obstruction arising from colorectal cancer.
Material and Methods

Patients
This study was approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology (No. 2018-S377, dated 11 July 2018) and all patients signed an informed consent to participate. Data for 96 patients with acute intestinal obstruction caused by colorectal cancer between April 2012 and April 2018 were retrospectively collected and reviewed, and of these patients, 94 underwent endoscopic colon stenting. The inclusion criteria used in this study were as follows: (1) abdominal CT imaging revealed irregular thickening of the intestinal wall, dilatation of proximal lumen, and unusual air/gas; (2) colonoscopy was not able to pass through the narrow segment; (3) at least 3 symptoms, including pain, vomiting, and distention, were present; and (4) willingness to sign an informed consent form. Patients with the following conditions were excluded from the study: (1) psychiatric disorders; (2) severe cardiovascular and cerebrovascular diseases; (3) bowel obstruction with perforation; (4) high risk factors for undergoing colonoscopy; and (5) unwillingness to sign the informed consent form.
Among the 94 patients, 42 cases were selected for surgery after obstructive symptoms gradually resolved, and 52 cases were treated conservatively. Thus, the patients with intestinal obstruction due to colon cancer were divided into 2 groups: a bridge to surgery group and a palliative treatment group. The bridge to surgery group included 42 cases in which colonic stenting was used as transitional therapy, and stage I resection of colon cancer was subsequently performed after removal of the obstruction. The 52 patients in the palliative care group were not scheduled for radical operation due to organ dysfunction or multiple metastases, but colonic stenting was used as palliative treatment to relieve obstruction and improve quality of life.
Another group of 67 patients who underwent emergency surgery during the same period consisted of cases with intestinal obstruction due to colorectal cancer. In this group, 41 males and 26 females, aged 27-87 years, with an average age of 58.4 years, were treated with radical operation within the same period. All patients were admitted to the hospital with cessation of defecation and venting before surgery, and emergency CT showed proximal intestinal dilatation and limited intestinal space.
Instruments and materials
The guide wire was from Boston Scientific (Hydra Jagwire, diameter 0.035 in, length 450 cm), the stent was from Wilson Cook (Nanjing Minimally Invasive Company), and the colonoscope was an Olympus PCF-Q260AI.
Colonoscopic stenting procedure
Preoperative preparation
Before the operation, patients were treated with fasting, gastrointestinal decompression, rehydration to correct water and electrolyte disorders and to improve the general condition of patients, as well as a glycerin enema or saline to clean enema.
Surgical procedures
The patient was placed in supine position, monitored by electrocardiography (ECG), monitored for oxygen saturation, and routinely inhaled. A self-expanding nickel titanium alloy stent 5351 was used. Both ends were horn openings; the middle section was cylindrical, 18-30 mm in diameter; and the length was at least 2.0 cm longer than the 2 ends of the lesion. Stent placement was performed by an experienced endoscopist, and a titanium clip was placed over the distal stenosis as a marker under colonoscopy at first. The guide wire was inserted along the colonoscope, and the catheter was inserted through the guide wire through the narrow part under X-ray surveillance. After the stenosis was injected with contrast agent (80~100 mL), the length of the narrow segment was observed under fluoroscopy ( Figure 1 ). The contrast catheter was removed, and a stent pusher was inserted through the guide wire under X-ray monitoring, so that the front end of the stent was more than 2 cm beyond the proximal end of the obstruction. The position of the stent was adjusted according to the metal marking under the X-ray. As shown in Figures 2 and 3 , a representative case with accurate intestinal obstruction caused by colorectal cancer was treated with the self-expanding metal stent placement. The implanted stent was expanded and remained in place in the colon. During the operation, special attention was given to the patient's vital signs and bloating to avoid intestinal perforation or intestinal bleeding.
Postoperative management
Abdominal X-ray examination was performed 24 h after the operation to confirm stent placement and the expansion. After the obstruction was relieved, the gastrointestinal decompression tube could be removed, and a liquid diet was given before semi-liquid food could be gradually introduced. Patients who needed radical surgery could be temporarily discharged from the hospital. After 5-15 days, the patient was then admitted to the hospital for surgical treatment. Patients who were identified as unsuitable for surgery were followed up regularly by abdominal plain film, barium enema, or colonoscopy. In addition, the period of follow-up after the stent placement ranged from 6 to 60 months in the study patients, with averages follow-ups of 36 months in the bridge surgery group, 16 months in the palliative care group, and 30 months in the emergency operation group.
Statistical analysis
All data were analyzed using the statistical package SPSS version 23.0. All measurement data were represented as (c _ ±s). 
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The paired t test was used in the group, and analysis of variance (ANOVA) was used in the group. The count data were expressed in percentage (%), the data were processed by chisquare test, and P <0.05 was considered statistically significant.
Results
Demographic and clinical characteristics of the study patients
A total of 94 patients with acute intestinal obstruction due to colorectal cancer underwent endoscopic colon stenting during the study period, including 48 males and 46 females. The age of the study patients ranged from 30 to 83 years. Obstruction occurred in the transverse colon (n=7, 7.4%), descending colon (n=21, 22.3%), sigmoid colon (n=25, 26.6%), rectum (n=20, 21.3%), ascending colon (n=7, 7.4%), hepatic flexure (n=7, 7.4%), and splenic flexure (n=7, 7.4%).
Assessment of clinical effectiveness of endoscopic colonic stenting
Of the patients who were scheduled for endoscopic colon stenting, the technical success rate was 97.9% (94/96). Stent implantation could not be completed in 2 cases due to poor bowel preparation, resulting in inability of the colonoscope to reach the obstruction site during the operation. The releaser failed in 1 patient during the first attempt at stent implantation, but technical success was achieved after the releaser was replaced. The average operation time was 35 min (range, 25-85 min) under single colonoscopy.
Analysis of post-procedure complications
The 94 patients in whom a stent was successfully placed achieved clinical resolution of the obstruction-related symptoms following the procedure. The stent-associated complications were reported as follows: two patients who underwent stent implantation had not flatus or defecated for 3 days following the procedure, and abdominal pain was aggravated. The abdominal plain film indicated that there was subdiaphragm free air; therefore, an emergency operation was performed. Stent displacement happened in one patient 5 days after the the endoscopic procedure, and the other patients had good stent expansion and excreted a large amount of feces. The abdominal pain and distension of the patients were considerably relieved, and they began to take water on the next day after the procedure. Except for two cases of colon perforation and one case of displacement, no other complications such as gastrointestinal bleeding or abdominal pain were observed. As shown in Table 1 , a total of 42 patients were selected for radical surgery after relief of obstruction symptoms, while the other 52 patients received conservative treatment. The patients with colon perforation after stent implantation, was treated with two-stage radical surgery.
We compared outcomes of different treatments for intestinal obstruction due to colorectal cancer. As shown in Table 2 , the postoperative infection rate was 4.8% in the bridge surgery group, which was significantly lower than the rate of 11.9% in the emergency operation group (P<0.01). 
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bridge surgery group, which was significantly lower than the 55.2% in the emergency operation group (P<0.01).
Discussion
Colorectal cancer is a common malignancy in China and many other countries around the world, with older age and lifestyle factors largely contributing to the etiology. With the change in dietary structure, the growing prevalence of obesity, and smoking, the incidence of colorectal cancer continues to rise. Colorectal cancer is commonly accompanied by acute intestinal obstruction, and the overall condition is poor in patients with acute intestinal obstruction. These patients can experience conditions such as dehydration, anemia, metabolic disorders, malnutrition, and acid-base imbalance. Selective primary resection is the treatment of choice for non-obstructive colon cancer, and emergency surgery for acute colonic obstruction has high morbidity and mortality rates [9] . Moreover, when there is acute intestinal obstruction secondary to colon cancer, it is difficult for the quality of the operation to meet the standards for a normal operation. For example, the total number of lymph nodes dissected was significantly less than that in a limited operation, possibly due to difficulties in the emergency surgery resulting from severe distention in the intestinal tract and surrounding areas, in combination with abnormal coagulation function in patients with acute intestinal obstruction. To reduce the risk of anastomotic leakage, temporary diversion of feces, such as with a temporary ostomy, can be used during the operation. The rate of permanent colostomy significantly increases because a lot of factors could impair the returning of the colostomy. These problems have greatly reduced the quality of life and increased the cost of colon cancer. Many studies have demonstrated the safety and efficacy of SEMS placement in the treatment of malignant obstruction caused by colorectal cancer as a transitional procedure and palliative treatment [10, 11] .
Regarding the success rate of stent placement, Ho et al. indicated that surgeon familiarity with stent deployment systems is critical to technical success [12, 13] . In our study, the success rate of stent placement was 97.3%, and the clinical success rate was 94.3%, which is similar to those in other studies [14] . We believe that familiarity with the stent is an important factor in improving the success rate of the technique, but the surgeon's skill and operational experience in placing the stent may be more important. Guidelines from the European Society of Gastroenteroscopy recommend that colon stent placement for malignant colonic obstruction should be performed or supervised directly by an experienced professional technician who has performed at least 20 colon stent placement operations [15] . In China, where there are many patients with colon cancer and obstruction, the endoscopist inthis study has performed more than 25 colon stent placements per year before the first case enrolled.
The optimal time for surgery after stent placement is still controversial [13, 15] On the basis of our findings, a minimum of 1 week after the stent placement is recommended regarding the timing of the operation after the stenting.
In addition, 52 patients in this study received a colonic stent as palliative care along with radiotherapy, chemotherapy, or supportive care. Relevant studies showed that the long-term survival rate with palliative treatment with colon stenting was similar to that achieved by surgical treatment, with a shorter median hospital stay, fewer complications, less trauma and pain, avoidance of enterostomy, improvement of quality of life, and easy acceptance by patients [17] .
Although the clinical advantage of stenting compared with emergency surgery are obvious, the complications are still high, including perforation, displacement, re-obstruction, etc.; colon perforation is the most worrisome. Once a large amount of intestinal content leaks into the abdominal cavity, it will usually result in severe peritonitis. The signs of peritonitis may be less obvious in patients with small perforation inside the stented section of the colon, but the patient may have toxic shock when the perforation occurred at the upward side of the stentwhich can lead to death. Two patients had perforation in 3 days after stent implantation, and an emergency operation was performed. Stent reobstruction occurred in 1 patient due to migration, on day 19 and the patient underwent a successful second stenting with relief of bowel obstruction.
